Introduction: Patients on hemodialysis (HD) improve functional capacity after physical training.
Introduction
The number of older people is increasingly growing worldwide. Added to this growth is the increased number of chronic diseases (1) , such as chronic kidney disease (CKD) (2) . CKD is characterized by progressive, irreversible loss of kidney function and, in its most advanced stage (stage V), renal replacement therapy is indispensable, so that the body maintains its balance levels (3) .
In Brazil, the treatment method commonly used by patients in stage V is hemodialysis (HD) and a higher prevalence, about 30% of dialysis patients, is in the age range of 65 years or older (2) . Patients on HD usually exhibit decreased functional capacity due to metabolic and physiological changes (4, 5) .
Anemia, imbalance in the body homeostasis (6), reduction of approximately 50% of maximal oxygen consumption and 30% to 40% of muscle strength, compared to the values found in healthy subjects, lead to decreased muscle functionality and cardiorespiratory capacity. These are cited as some of the complications in physical itness in this population (4) , leading to decreased exercise capacity.
One way to maintain satisfactory response to effort and daily activities is to insert physical exercise into the routine of HD patients. Studies point out that an exercise program can maintain and, even increase the variables of functional capacity in dialysis patients (7) .
Therefore, stimulating and encouraging elderly HD patients to perform physical exercise seems to contribute for their rehabilitation since, in addition to increasing exercise capacity, it also improves their perception of quality of life (5, 8, 9, 10) .
Despite the arguments cited above, intervention programs and research with this population in Brazil are still rare and, those that exist, often are not conducted exclusively with elderly subjects (11, 12, 13) , as they are more unstable and impaired. Thus, the aim of this study was to analyze the effects of an exercise program on the functional capacity of elderly HD patients.
Materials and Method

Study design
This was an experimental study whose data were collected in 2009, and which was part of a master dissertation from the Graduate Program in Physical Education, of the Federal University of Pelotas, entitled "Effects of physical exercise for patients submitted to hemodialysis".
Population and sample
The study sample consisted of 15 patients submitted to HD in the Renal Clinic at Santa Lucia Hospital, in Cruz Alta city, in the state of Rio Grande do Sul. Among patients who were in dialysis treatment in this unit (n = 72), 49 were excluded for being in HD for less than three months, having a central catheter, being under 60 years old, having severe heart disease, respiratory problems, and not having been released by the physician to participate in the program, due to unstable clinical conditions. Unstable medical conditions encompassed biochemical aspects, weight gain on the opposite dialysis day, uncontrolled anemia and the number of complications and hospitalizations in the last six months.
Out of 23 selected patients, five refused to participate, remaining 18 who were randomly divided into a control group (CG) and an experimental group (EG). Three patients were lost, due to hospitalization (CG-n = 1; EG-n = 1) and death (GC-n = 1). None of these losses was associated with exercise. The EG performed the exercise program, which will be described later, and the CG did not. At the end of the intervention, patients in the CG were invited to participate in the exercise program proposed by the researchers.
Ethical aspects
The research proposal was approved by the Ethics Committee of the School of Physical Education at the Federal University of Pelotas (n. 098/2009). All patients were informed about the procedures of the research and signed a free and informed consent form.
Instruments
Clinical and sociodemographic characteristics evaluation These variables were collected by means of an anamnesis of the patients. Sociodemographic characteristics (sex, age, skin color, marital status) were evaluated using a structured questionnaire. Clinical aspects (time of hemodialysis and etiology of the disease) were collected from medical records. Systemic arterial pressure and heart rate were also measured.
Functional capacity evaluation
The evaluation of functional capacity of the patients was carried out before and after training. The variables and their respective instruments were: a) Functional capacity: evaluated by a six-minute walk (6MW) test, using methodology proposed by Brazilian standardization, in which patients are oriented to cover the longest possible distance in a period of six minutes (14) . Three maximal inhalation and exhalations were collected, and the mean among them was considered.
The evaluation of the functional capacity of patients was carried out in a room in the Renal Clinic at Santa Lucia Hospital, in city of Cruz Alta, Rio Grande do Sul, by means of a 6MW test in a 100-m corridor properly marked from 10 to 10 meters. These evaluations occurred on opposite days to the ones of HD.
Physical exercises program
The physical exercise program consisted of aerobic training in a stationary bicycle, followed by resistance exercises for upper and lower limbs, thorax, abdomen and the posterior region of the trunk (Table -1 ).
The abdominal muscles were worked isometrically, combined to deep inspiration and expiration exercises. Since the program was carried out during HD, patients were instructed to remain seated, with the istula arm as still as possible, so there was no damage to the arteriovenous access.
The thoracic region was exercised by isometric abs, exercise for the chest (cruci ix), and rowing, in which the patient was asked to lean forward to take the elbow further from the body midline. The ankle exercises were carried out with the aid of a step, where the patient's tiptoe was supported to perform lexion and extension exercises.
This program had a frequency of three times a week and lasted for 24 weeks. The duration of each exercise session was 45 minutes initially, gradually increasing over time. The prescription of exercises is described in Figure 1 , and it has been previously published (17) . To evaluate the intensity of the exercises, heart rate (18) and Borg's perceived exertion scale (19) were used.
Legend: BS= Borg Scale; %= percentage; HR= Heart rate; kg= Kilogram. Statistics Analysis Data normality was tested by the Shapiro-Wilk test. As the sample did not present a normal distribution, U-Mann Whitney test was used to compare the differences between groups (CG versus EG) before the exercise program and paired samples were compared between, before and after the exercise program in both groups by the Wilcoxon test. Descriptive statistics were utilized for the sample characterization. The software SPSS ® version 16.0 was used in data analysis.
Results
Of 9 patients selected for the intervention, only 1 did not complete the minimum period of participation (adherence of 80%). Table -2 shows the characteristics of the HD patients participating in the study with respect to sociodemographic variables. It can be observed that, in both This scale was chosen, since some patients were taking beta-blockers, which inhibit the heart rate response.
groups, most patients were male, of white skin color, and lived accompanied. In clinical aspects, both in the CG and in the EG, the HD period was superior to 12 months and prevalent causes of CKD were hypertension and diabetes.
Patients data regarding functional capacity are exposed in Table 3 , for both groups in the beginning of the training. Comparing variables of the CG with those of the EG, no signi icant differences were observed before training, indicating homogeneity between groups.
The functional capacity of the EG participants presented a signi icant difference after training. No patient presented any type of complication during or after the exercise program. There was a signi icant increase in the covered distance at 6MW (Z = 2.52; p < .012), number of STS repetitions (Z = 2.54; p < .001) and respiratory muscle strength (MIP: Z = 2.53; p < .011; MEP : Z = 2.54; p < .011), as shown in Figure 2 . (29) (mean age of 55.6 years), which compared isolated effects of resistance training and Koufaki, Mercer & Naish's study (30) (mean age of 53.9 years), which compared the isolated effects of aerobic training, also found an increase in the repetition number or, a reduction in execution time in STS. Such improvement may be attributed to the fact that physical exercise improves the muscular structure, the number of capillaries and mitochondria, which are responsible for getting oxygen (31) , and the capacity of performing physical exercise (6) .
One of the countless consequences of CKD, as well as the dialysis therapy, is pulmonary dysfunction. A study conducted in a renal clinic in the city of Ijuí, Rio Grande do Sul, with the objective of comparing the functional
Discussion
The results of the present study showed that elderly HD patients, when inserted into a physical exercise program, presented improvement in the covered distance at 6MW, in STS repetitions and in maximal respiratory pressures.
After six months of participation in the physical exercise program, the EG patients increased, in average, 64.8 meters in the covered distance at 6MW, which is considered very important for this population, since HD patients have a great decrease in functional capacity caused both by the disease and by the treatment (20) . This increase in the covered distance is especially relevant, mainly in a population with high morbidity, since short distances (shorter than 300 meters) are strongly associated with morbidity and mortality (21) .
The results of a study conducted with 14 New Yorkers, aged between 31 and 78 years, agree with the results of the present research, in which three months of aerobic and resistance training during HD sessions obtained an increase in covered distance at 6MW (22) . This improvement was highlighted in several review studies (8, 11, 23) , indicating that physical exercise brings positive effects to the functional capacity of HD patients.
The muscular system of CKD patients suffers several morphologic and physiologic alterations. Muscular atrophy and malnutrition are cited as factors that lead to muscular weakness (24) , usually more observed in lower limbs. According to Reboredo et al. (25) , such muscular force loss may be reverted Such data are extremely relevant for the health and physical activity area because, in addition to increasing functional capacity in elderly individuals on HD, they emphasized the importance of the physical education professional, together with all staff of the renal unit, for the rehabilitation and physical improvement of these patients.
Thus, it is recommended that physical exercise programs for patients on HD be encouraged and, mainly, inserted in sites of CKD care, as a way to help in their treatment and rehabilitation. Yet, further studies with this population are suggested, publishing bene its and consequences of this kind of intervention.
Other aspects that may interfere in the improvement / maintenance of physical capacity of these patients, such as health quality and clinical aspects, should be considered in further studies. Moreover, studies with a greater number of participants and with more than two evaluations are proposed.
capacity and quality of life of CKD patients on HD (n=27) and pre-dialysis therapy patients (n=27), identi ied that there was a decrease in the muscle respiratory strength (MIP and MEP) in both groups, but with greater impact on the group who already was on HD treatment (20) . This dysfunction usually occurs due to circulant toxins or other factors such as volume overload, anemia, malnutrition and muscular weakness (32) , causing countless physical and functional problems (20) .
In the present study, respiratory muscle strength presented changes after the training period of approximately 7.6 cmH 2 O in MIP and 13.9 cmH 2 O in MEP. These data agree with those found by Coelho et al. (18) (mean age of 45.0 years), in which seven patients on HD, after an eight-week training, had an increase in MIP and MEP. Such improvement was also observed in a study with 22 patients (mean age of 42.1 years), of both genders, who underwent HD treatment for more than six months and took part in a physical exercise program (aerobic and resistance training) for 16 weeks (33) .
The gain observed for this variable can be attributed to bene its promoted by physical exercise in the respiratory dysfunction, present in these patients, either due to the disease or HD therapy. The improvement in respiratory muscle strength may contribute to functional capacity by increasing the capacity to perform physical exercise, consequently, assisting in treatment and rehabilitation of these patients and improving their health and quality of life (17) . Rehabilitation and treatment programs with speci ic exercises for respiratory muscle strength may contribute with the increase of covered distance at the 6MW test, bringing several bene its for patients on HD (34) .
Besides the contribution of this study for the physical activity and health area, its data cannot be generalized for other patients, because it was conducted in only one clinic. This limitation did not affect the potential of the study, since it seems to be the irst to analyze the effects of the regular practice of physical exercise on the functional capacity of elderly patients submitted to HD in a city of Rio Grande do Sul, Brazil.
Conclusion
The results of this study evidenced that physical exercise positively modi ies functional capacity, as it increased the covered distance at the 6MW test, respiratory muscle strength and the number of STS repetition in HD patients.
